A 26 year old woman with dopa responsive dystonia and cytogenetically confirmed Turner's syndrome had bilateral globus pallidus hypointensity on brain MRI. Among the living members of a five generation pedigree the patient's mother and the mother's sister also had dopa responsive dystonia; a maternal grandfather had senile parkinsonism, his niece isolated postural tremor. No other family member had Turner's syndrome. A new missense mutation in exon I of the gene of GTP-cyclohydrolase I was found in the three family members with dopa responsive dystonia. With levodopa substitution the patients with dopa responsive dystonia improved clinically as well as in quantitative tests on hand tapping, verbal and performance IQ, concept formation, and set shifting abilities. (J Neurol Neurosurg Psychiatry 1998;64:806-808) 
Dopa responsive dystonia typically begins in early childhood with gait instability and equinovarus posturing of the feet. Signs and symptoms worsen during the day or after exercise, but are improved by levodopa. The disease may progress to generalised dystonia, whereas in other patients parkinsonian symptoms may develop. 1 2 Intelligence and body growth are usually normal in dopa responsive dystonia. 3 Apart from rare autosomal recessive transmission 4 5 the disease is mostly inherited as an autosomal dominant trait with incomplete penetrance, and women are aVected more often than men. 2 Mutations in the gene of GTP-cyclohydrolase I (GCH I) mapping to chromosome 14q21-22 have been found to cause dopa responsive dystonia. Until now point mutations in various exons [6] [7] [8] [9] [10] [11] as well as exon skipping has been reported in the respective families. 6 9 12 However, there are also reports of families with typical dopa responsive dystonia but without any mutation in this gene. 8 12 Here, we present the association of the disease with Turner´s syndrome in an index patient whose five generation pedigree disclosed other relatives with dopa responsive dystonia. Another new mutation in the GCH I gene probably accounting for the disease in this family is presented. We also investigated quantitatively the neuropsychological abilities in three patients with dopa responsive dystonia before and after levodopa therapy.
Case 1
The index patient, now aged 28, had a normal birth. After delay of early motor milestones she began to walk at the age of two years, but was more clumsy than her companions. Since the age of 4 she had crural dystonia with equinovarus posturing and gait instability. During the subsequent years symptoms slowly progressed towards generalised dystonia that exacerbated during exercise and improved after rest or sleep. Treatment with trihexyphenidyl since the age of 4 (until presentation) somewhat improved her symptoms for a few hours. During outdoor activities the patient had to use a wheelchair. There was no intellectual handicap, and she went to school until the age of 14 when she was discharged to a school for the physically handicapped. She had not had any oestrogen treatment before the first presentation to our department in November 1993. 
Case 2
The patient's mother (now aged 56) had gait instability and dystonic leg cramps from early childhood. She reported symptom alleviation with menarche. She now has slight facial dystonia, dysarthria, torticollis, and dystonic postures of toes and feet during walking that nearly disappeared after institution of 125 mg levodopa/day.
Case 3
The 43 year old maternal aunt of the index case (sister of case 2) developed gait instability due to trunk and neck dystonia, retrocollis, and dystonic posturing of her arms during childhood. Symptoms fluctuated during the day, worsening towards evening. Dystonia of the facial muscles, neck, shoulders, hands, and feet were much improved by levodopa (375 mg/ day). Blepharospasm and retrocollis were successfully treated with additional local botulinum toxin A injections. In patients 2 and 3 laboratory investigation, including CSF, iron and copper studies, liver function tests, and routine blood, urinary, and karyotype analysis were unremarkable as were EEG and brain MRI. Neopterin studies in CSF of the three cases were not performed.
Pedigree
The patients were members of a pedigree comprising 101 probands ). Values were taken as raw scores; mean values of errors were compared with those of the patients with frontal lobe lesions in the study of Nelson. 16 All three patients had fewer errors and perseverations and achieved more categories while under levodopa.
Discussion
Disease course, clinical presentation, response to levodopa substitution, and molecular genetic analysis point to a diagnosis of dopa responsive dystonia in all three cases. 17 Delay of motor milestones as found in our index patient is ununsual but not unknown in dopa responsive dystonia. 18 Our index patient has more severe disease aZiction than her relatives with the desease in the parent generation. As she Patients were tested once without levodopa substitution (−) and once with levodopa substitution (+). Reference values for the normal range are given in parentheses. 16 also has Turner's syndrome, this raises speculations about the eVect of a sex chromosome abnormality on a disease with sex specific penetrance such as dopa responsive dystonia. In view of prevalence rates for dopa responsive dystonia (0.5 per million 19 ) and for Turner's syndrome (1 per 8000 19 ) the association in our patient seems so unique that chance is the most likely explanation for its occurrence. The aZicted members of the family show a mutation within the GCH I gene resulting in truncation of the GCH I. Such truncation of the GCH I is often found in dopa responsive dystonia as a result of diVerent mutations and reduces the total amount of active enzyme in the patients. Our mutation finding has not been described for any of the families with dopa responsive dystonia published so far. It underlines the finding that for this rare autosomal dominant disorder there is obviously no common mutation within the GCH I gene. 8 The detection of a decreased signal in the globus pallidus on T2 images of brain MRI in the index patient contrasts with earlier reports in dopa responsive dystonia: Pallidal signals were either normal or even hyperintense. 20 Pallidal hypointensity is to a variant degree seen in dystonic conditions of diVerent aetiologies. 20 Information on brain MRI morphology in Turner´s syndrome is restricted to area measurements under developmental aspects. 21 22 So, whether the globus pallidus abnormality is linked to the pathophysiology of Turner's syndrome rather than to that of dopa responsive dystonia is only speculative. This conclusion is somewhat supported by the fact that brain MRI studies in both the other relatives with dopa responsive dystonia were normal. Irrespective of aetiology; however, the MRI features of the index patient may be relevant for the judgement of motor performance: in healthy adults iron related signal loss on T2 weighted images in the globus pallidus has been found with poor performance on motor and specific cognitive tasks. 23 By an instrumental hand tapping test objective motor improvement as an eVect of levodopa treatment was shown in all three cases of dopa responsive dystonia. The improvement of IQ with levodopa treatment was largely attributable to the performances in the mosaic test. This test assesses three dimensional visual performance; our result may therefore point to improved spatial orientation in dopa responsive dystonia with levodopa therapy similar to the eVects found in Parkinson's disease. 24 In a similar way the patients with dopa responsive dystonia improved in their test performances in the WCST when tested under levodopa treatment. Clearly, IQ and WCST were each applied twice without balancing sequence and performance eVects. Thus the improvements in performance of our small sample should be judged with caution. Until now there is no in depth assessment of neuropsychological function in adult patients with dopa responsive dystonia. Impaired performance could, however, be anticipated in various test domains in unmedicated or undermedicated patients with dopa responsive dystonia, as in Parkinson's disease. 25 This would be attributable to a frontostriatal postsynaptic "low dopamine syndrome". This suggestion is derived from recent pathological data of severe dopamine reductions in caudate and putamen in dopa responsive dystonia similar to those measured in Parkinson's disease.
